ABSTRACT Objective: to investigate the prevalence and factors associated with frailty in non-institutionalized older adults living in northern Minas Gerais, Brazil. Method: data were collected in their homes, in 2013, based on a census cluster sampling. Demographic and socioeconomic variables, morbidities, utilization of health care services, and scores on the Edmonton Fragility Scale were analyzed. The adjusted prevalence ratios were obtained using the Poisson regression multiple analysis with robust variance. Results: the prevalence of frailty was 41.3%. The variables associated with frailty were: female gender, very old age, education of less than four years, not having been hospitalized in the last 12 months, having a caregiver, falling in the prior year, diabetes mellitus, cardiac disease, and osteoarticular disease. Conclusion: the prevalence of frailty was high. Some factors consist of modifi able conditions, which should encourage health actions aimed at this group. Descriptors: Aged; Health Vulnerability; Frail Elderly; Prevalence; Health of the Elderly. RESUMO Objetivo: verifi car a prevalência e os fatores associados à fragilidade em idosos não institucionalizados residentes ao norte de Minas Gerais, Brasil. Método: a coleta de dados ocorreu no domicílio em 2013, a partir de uma amostragem censitária por conglomerado. Foram analisadas variáveis demográfi cas e socioeconômicas, morbidades, utilização de serviços de saúde e o escore da Escala de Fragilidade de Edmonton. As razões de prevalências ajustadas foram obtidas por análise múltipla de regressão de Poisson com variância robusta. Resultados: a prevalência de fragilidade foi 41,3%. As variáveis associadas à fragilidade foram: sexo feminino, idosos longevos, escolaridade inferior a 4 anos, não ter sido internado nos últimos 12 meses, presença de cuidador, queda no último ano, diabetes mellitus, doença cardíaca e doença osteoarticular. Conclusão: a prevalência de fragilidade mostrou-se elevada. Alguns fatores representam condições modifi cáveis e devem estimular ações de saúde destinadas a esse grupo. Descritores: Idoso; Vulnerabilidade em Saúde; Idoso Fragilizado; Prevalência; Saúde do Idoso. RESUMEN Objetivo: determinar la prevalencia y factores asociados a la fragilidad en ancianos no institucionalizados residentes en el norte de Minas Gerais, Brasil. Método: los datos fueron recolectados en los hogares en 2013 a partir de un muestreo por conglomerados por sectores censitarios. Se analizaron variables demográfi cas y socioeconómicas, morbilidad, utilización de los servicios de salud y la puntuación de la Escala de Fragilidad de Edmonton. Se obtuvieron los cocientes de prevalencia ajustados mediante análisis múltiple de regresión de Poisson con varianza robusta. Resultados: la prevalencia de fragilidad fue 41.3%. Las variables asociadas con la fragilidad fueron sexo femenino, edad más avanzada, escolarización menor de 4 años, no haber sido hospitalizado en los últimos 12 meses, tener un cuidador, caída en el año anterior, diabetes mellitus, enfermedades del corazón y enfermedad osteoarticular. Conclusión: la prevalencia de fragilidad fue alta. Algunos factores son modifi cables y deben fomentar acciones de salud dirigidas a este grupo. 
INTRODUCTION
Aging provides gradual and inevitable changes in humans. During this process, some conditions are capable of triggering progressive functional impairment. The changes observed over the years can cause increased vulnerability and increased susceptibility to disease (1) . The particularities of aging have a greater relevance due to the increase in the proportion of older adults observed in the general population worldwide. These demographic changes are associated with important social and economic transformations. They also cause changes in the epidemiological profile, especially due to the increase in non-communicable diseases (NCDs), which are more common in older age groups (2) (3) . In most developing countries, health care service professionals do not seem to have the necessary preparation to adequately meet the increasing elderly population (4) (5) . In Brazil, the rate of population aging also identifies new challenges for the health sector, including the lack of qualified professionals (6) . Assessment of functional capacity is an important component of health care for the elderly, in order to investigate their ability and independence in performing certain activities (4) . It is defined as the process of measuring the ability to perform activities of daily living directly related to self-care and social participation. This is a proposal that is directly related to the concept of frailty, a condition that can affect this population group (7) . Frailty consists of a multidimensional syndrome that involves the interaction of biological, psychological and social factors. It is associated with an increased risk of adverse outcomes, such as decline in functional capacity, falls, delirium, institutionalization, and death. Frailty can be found in those with a state vulnerable to low resolution of homeostasis. A disruption of homeostasis due to the aging process occurs when acute physical, social or psychological events are able to lead to increased deleterious effects on different organ systems of the frail older adults. It promotes a change of great proportion to one's health status after the occurrence of stressful events: moving from independent to dependent, mobile to immobile, a condition of postural stability to a propensity to falls, lucidity to delirium (6, (8) (9) (10) . The conditions associated with frailty in the elderly remain understudied and poorly known in Brazil; therefore it is relevant to investigate its prevalence and associated factors in this population. In addition, this study could help guide public policies that are specific to this particular population. This study aimed to determine the prevalence and factors associated with frailty in a population-based sample of non-institutionalized older adults.
METHOD
This is a quantitative, analytical, cross-sectional study performed with non-institutionalized older adults living in the city of Montes Claros, northern Minas Gerais, Brazil. The city has a population of approximately 385,000 inhabitants and is the main regional urban pole.
The probabilistic sampling process used was a two-stage cluster sample. In the first stage, the census tract was used as the sampling unit; 42 census tracts were randomly selected among 362 urban areas of the municipality, according to the Brazilian Institute of Geography and Statistics (IBGE). In the second stage, the number of households was identified according to the population density of individuals aged equal to or greater than 60 years. At this stage, more households were allocated to the sectors with the highest number of older adults in order to produce a more representative sample.
This study is part of a comprehensive analysis of the health conditions of the elderly in the municipality. For the total number of older adults allocated to the study, a conservative prevalence of 50% for the studied events was considered, along with an estimated population of 30,790 older adults (according to IBGE data), an error margin of 5%, and a confidence level of 95%. Because this was a cluster sampling, the identified number was multiplied by a correction factor (deff) of 1.5 plus 15% for possible losses. The minimum number of people for the study defined by the sample size calculation was 656.
For the analysis of frailty, the object of this study, only the population aged equal to or greater than 65 years was included, since the instrument used was validated for people in this age group. The older adults whose caregivers/family refused to participate in the study were excluded. Losses were considered to be those older adults who were not available to participate in at least three visits on different days and times, despite prior appointments.
Data were collected in the older adults' households between May and July of 2013. Interviewers (nurses), previously trained and standardized, moved along the census tracts from a point previously defined in each census tract to perform the interviews. The data collection instrument used was based on similar population-based studies and was previously tested in a pilot study in a census tract especially raffled, whose data were not included in the final work.
The dependent variable was the record of frailty in the older adults. It was measured using the Edmonton Frail Scale (EFS), culturally adapted and validated in Portuguese (11) . The EFS evaluates nine domains: cognitive, general health, functional independence, social support, medications used, nutrition, mood, continence and functional performance, distributed in 11 items with scores ranging from 0 to 17. The EFS score can vary from 0 to 4, indicating no presence of frailty; 5-6, apparently vulnerable to frailty; 7-8, mild frailty; 9-10, moderate frailty; and 11 or more, severe frailty (12) . For data analysis in this study, the results of the dependent variable were dichotomized into two levels: without frailty (final score ≤ 6) and frailty (score > 6). The independent variables were: sex, age (65-79 years and ≥ 80 years), self-reported skin color (white and non-white, including in non-white mixed, black, yellow and indigenous), marital status (with partner, including married and common-law marriage, and without a partner, including single, widowed and divorced), condition of living alone or with others, education (up to four years of study, and more than four years of study), reading, religious practice, one's own income, monthly family income (up to one time the minimum wage and higher than one minimum wage), smoking, presence of chronic morbidities (hypertension, diabetes mellitus, heart disease, osteoarticular diseases), caregiver presence, falls in the prior year, medical appointments and hospitalization in the prior year.
Prevalence ratios (PR) were calculated to investigate the associations between the independent variables and frailty. The adjusted prevalence ratios were obtained using the Poisson regression multiple analysis with robust variance, considering the independent variables that were most strongly associated with frailty in the bivariate analysis (up to a significance level of 0.20). In the final analysis, a final significance level of 0.05 was considered (p <0.05).
The collected data were analyzed using the Statistical Package for the Social Sciences (SPSS), version 17.0 (SPSS for Windows, Chicago, USA). All participants were informed about the research and gave their consent by signing the Terms of Free and Informed Consent Form. The research project was approved by the Research Ethics Committee of the State University of Montes Claros.
RESULTS
Six hundred eighty-six older adults, aged over 60 years, were allocated to the study. Among the total number of elderly patients, 175 were excluded because they were aged below 65 years, according to criteria of the instrument used to assess the condition of frailty, which was only validated for the elderly over 65 years. Five hundred eleven older adults were aged 65 or more years and were evaluated for frailty. The predominant age group was between 65 and 79 years, representing 79.3% of the study population. The mean age of the group was 74 years (SD±7.14). Most respondents were female (64.0%), lived with a partner (88.1%), reported nonwhite skin (66.3%), and had studied up to four years (80.4%).
The prevalence of frailty was 41.3%, and was higher for women (45.9%) compared to men (33.1%). A greater prevalence of frailty in older age groups (34.0% between 65 and 79 years and 68.9% aged 80 or more) was noticed.
Other group characteristics showed that 79.6% did not have a caregiver. A medical appointment in the prior 12 months was reported by 89.6%, and hospitalization (with a stay over 24 hours) was reported by 19.6% of the older adults. Investigated morbidity aspects showed that 29.0% of the older adults experienced a fall in the prior year, 72.2% were hypertensive, 35.6% reported osteoarticular disease, 28.0% had osteoporosis, 25.6% had heart disease, and 22.3% were diabetic (Table 1) . The bivariate analysis of frailty and other variables are shown in Tables 2 and 3 . The variables associated with frailty in non-institutionalized older adults, to the level of 20% (p <0.20), were evaluated together using the Poisson regression with robust variance.
The variables that remained statistically associated with frailty after multivariate analysis were female gender, aged 80 years old, zero to four years of study, not having been hospitalized in the prior 12 months, having a caregiver, falls in the prior year, diabetes mellitus, heart disease, and osteoarticular disease (Table 4) . 
DISCUSSION
This study identified a high prevalence of 41.3% of frailty in non-institutionalized older adults and helped identify some associated factors. A systematic review on the subject showed a marked variation in the prevalence of frailty in elderly residents aged 65 or more (between 4.0% and 59.1%) in the community (13) .
The prevalence of frailty can vary in the same population of older adults, depending on the instrument used. A study in northern Taiwan, for example, showed a slight difference in the prevalence of frailty in older adults, aged 65 to 79 years, using different instruments: the prevalence of frailty was 11.3% (95% CI: 7.6-15.0) using the Fried Frailty Index and 14.9% (95% CI: 10.7 to 19.1) using EFS (14) . The prevalence of frailty in this study was higher than that found in the same age group, using the EFS. This suggests that other conditions can influence the variation in prevalence of frailty in the elderly, in addition to the instruments. The study that validated the EFS in Brazil identified a prevalence of 31.4%, lower than that reported in this study (11) . The disparities in the prevalence of frailty can be justified by several factors, including methodological standardization. The difficulties in establishing a uniform concept of the frail condition provide diverse ways for diagnosis. Several instruments with various parameters, associated with differences in the composition of the sample in relation to ethnicity and nationality, undermine a comparison of studies (8, 13, 15) . While there are various tools related to frailty in the elderly, assessment of reliability and validity was not performed in most of them. Among the 27 instruments used in 150 studies selected in a systematic review, between 1948 and May of 2011, only two, including EFS, followed the Standards for Educational and Psychological Testing, guidelines describing best practice in the development of complex measures such as frailty in the elderly. Both instruments showed acceptable reliability and good concurrent and predictive validities (16) . The variables of income per capita, religious practice, education, marital status, age and sex, shown in Table 2 , were significantly associated with greater or lesser frailty of the elderly.
The literature reported that the prevalence of frailty increases with age (17) and is higher in females (8) (9) 13, 15) . The results of this study are consistent with this information. Similar results were found in studies that investigated frailty in older Brazilian adults living in the community, using the EFS (11, (18) (19) . Among other factors that were associated with frailty in this study are lower educational levels, falls in the prior year, and the presence of some NCDs. Other national and international studies have also shown some of these associations. In Peru (20) , there was no association between frailty and old age and falls in the prior year. In Brazil, researchers from Rio de Janeiro also found an association of frailty with advanced age, the presence of morbidities, and lower educational level (21) . A study performed in Ribeirão Preto (SP) showed that there was a greater chance of falling among the frail elderly, using EFS to diagnose the condition (22) . In this study, frailty was also associated with older people who had not been hospitalized in the prior 12 months. No other studies addressing this variable were identified. Although it is a more complex variable to evaluate, one can infer some degree of compromised access for this population to health care services. However, this aspect was not addressed in the study and requires more specific analyses.
This study also showed an association between frailty in the elderly and having a caregiver. Probably the function and availability of a caregiver are required for frail older adults who exhibit a probability for developing adverse conditions. Another study that also used the EFS found a correlation between frailty and the caregiver burden of frail elderly living at home. The higher the level of frailty, the greater the caregiver burden (23) . Non-chronic diseases associated with frailty in older adults in this study were: heart disease, diabetes mellitus, and osteoarticular disease. In elderly patients with cardiovascular disease, frailty is approximately three times more prevalent.
Researchers demonstrated that the presence of frailty associated with heart disease is a predictor of mortality and hospitalization (24) . Given the above, the American Heart Association and the Society of Geriatric Cardiology recommend understanding the relationship between these two conditions. Frailty appears to be a condition capable of estimating the risk for patients with cardiovascular disease. Evaluation of frailty in elderly patients with heart disease is important, both because of its prognostic value as well as the possibility of proposing early interventions that could change the unfavorable outcome of the relationship between the two conditions. Therefore, there is a need to perform studies to determine whether early recognition and proper treatment of frailty can reduce hospitalizations and mortality in elderly patients with heart disease (24) . Glucose intolerance, insulin resistance and diabetes are also associated with frailty. It has been shown that hyperglycemia is independently associated with the frailty condition, after adjusting for all confounding variables including body mass index and levels of pro-inflammatory cytokines (25) . The diagnosis of diabetes mellitus was associated with frailty and with a two-fold increase in the risk of progression to disability. Frail, diabetic older adults are at increased risk of falls, and increased risk of fracture after a fall (25) . One study showed that the elimination of NCDs and also falls in the elderly in the prior year could lead to an increase in an expected disability-free life for men and women, both at 60 and at 75 years of age. In the study, heart disease stood out as the one that would mostly promote a gain of years free of disability, in both sexes, if it were eliminated. Among women, diabetes mellitus, hypertension and falls were second, third and fourth, respectively. Arterial hypertension, chronic lung disease and falls in the prior year were among the four major morbidities for men (2) . Frailty can be avoided, delayed, and even treated when diagnosed early, especially if interventions are applied. A multidisciplinary approach for prevention, evaluation and treatment is required. Physical activity, adequate nutritional status, morbidity control, and changes in lifestyle and in the environment and can delay the pathway from frailty to inability, and thus to early mortality in the elderly (25) . Frailty generates a financial impact as well as other demands on health services, leading to the need to reorganize care models to meet the health care needs of this population group (8) . The reduction of the prevalence of frailty, and the level of frailty, can benefit individuals, their families, and society. Several approaches have been investigated in clinical trials. Frail elderly who were admitted to specialized geriatric care units, with geriatric assessment, were more likely to return home, are less likely to have cognitive or functional decline and have lower in-hospital mortality rates than those who are admitted to a general medical ward (8) .
The results of this study should be interpreted in the light of some limitations. Although losses or refusals were compensated by adding new older adults, more active older adults who were probably without frailty were not found at home during the established contacts. This can limit the generalizability of the data. Moreover, the scale used evaluates cognitive aspects related to education, which proved to be low for the population studied.
It is noteworthy, however, that this is a study with a representative sample, which allowed for the enhancement of the usefulness of the EFS, and the identification of factors that deserve greater attention from new studies. It should be noted that causes and effects certainly vary throughout life. Because this is a cross-sectional study, it cannot establish a temporal relationship among the observed associations.
Knowledge of the prevalence and factors associated with frailty in older adults enables the establishment of goals to promote the health of this population, and prevention strategies for other health problems. This aspect is particularly important for a country with an accelerated aging process. The results can alert health care professionals for timely identification of modifiable risk factors for frailty, which is clearly important for the prevention of the condition.
